Introduction {#Sec1}
============

Selective estrogen receptor modulators (SERMs) and aromatase inhibitors (AI) are standard adjuvant hormone therapies for estrogen receptor (ER) positive breast cancer patients. Several SERM and AI are currently available. To prevent recurrence, patients are treated with one of these drugs for at least 5 years after curative surgery. However, selecting the most appropriate drug for an individual patient is difficult due to lack of data, especially regarding adverse effects.

The influences on lipid and bone metabolism are among the most important adverse effects of hormone therapy. These side effects must be taken into consideration when prescribing SERMs and AI. Toremifene (TOR), a SERM, has prognostic effects and a safety profile similar to those of tamoxifen (TAM) \[[@CR1], [@CR2]\]. Moreover, Harvey et al. reported that the risks of stroke, pulmonary embolism, and cataract may be lower with TOR than with TAM and that the risks of pulmonary embolism and deep vein thrombosis are lower than with raloxifene \[[@CR3]\].

Letrozole (LET) is a non-steroidal AI. When LET or TAM was administered as adjuvant hormone therapy for ER positive postmenopausal breast cancer patients, LET reflected an 18% reduction in the risk of a disease-free survival event (hazard ratio 0.82; 95% CI 0.71--0.95; *P* = 0.007). The 5-year disease-free survival estimates were 84.0% in LET and 81.1% in TAM, though differences in the hazard ratios for overall survival did not reach statistical significance. Patients on TAM experienced more thromboembolic events, endometrial pathology, hot flashes, night sweats, and vaginal bleeding. Patients receiving LET experienced more bone fractures, arthralgia, low-grade hypercholesterolemia, and cardiovascular events other than ischemia and cardiac failure \[[@CR4]\].

We previously reported the results of two trials. In the Multi 01 trial, two SERM, TAM and TOR, were found to exert different effects on lipid metabolism, profiles with TOR producing better results than TAM \[[@CR5]\]. Moreover, TOR provided better effects than anastrozole (ANA), an AI, in terms of lipid profiles and bone metabolism in postmenopausal females with early breast cancer in the Multi 02 study \[[@CR6]\]. LET, however, exerts effects different from those of ANA. Ideally, adjuvant therapy with these hormonal agents should be tailored to individual patients.

In this trial, we examined the differences between TOR and LET in terms of their influences on lipid profiles and bone metabolism, by conducting a prospective randomized phase II study. Our aim was to collect important data relevant to quality of life for patients receiving hormone therapy.

Patients and methods {#Sec2}
====================

Study design and drug administration {#Sec3}
------------------------------------

This was a multicenter open randomized study. Study endpoints were the time course effects of TOR and LET on serum lipid profiles and bone metabolism in ER positive, postmenopausal breast cancer patients receiving these adjuvant hormonal therapies. The protocol was approved by the research ethics committee of each participating institution. Patients were provided written information about the study and gave written informed consent prior to enrollment. Randomization was performed using the minimization method, and the arms were balanced with regard to institution. All patients were randomized to TOR or LET. In the TOR and LET arms, TOR (40 mg/day) and LET (2.5 mg/day) were administered for a minimum of 2 years, respectively. During the study, other treatments for breast cancer were prohibited except for radiotherapy after breast-conserving surgery.

Eligibility and exclusion criteria {#Sec4}
----------------------------------

Postmenopausal women with Stage I--II breast cancer were eligible for this study. All patients had to have undergone curative surgery, with histological examination confirming immunohistologically ER positive and HER2 negative breast cancer with involvement of 0--3 axillary nodes. Other eligibility criteria were a World Health Organization (WHO) performance status of 0--1, adequate bone marrow and liver and kidney functions, and no evidence of metastasis. Patients who had received previous systemic treatments for breast cancer and/or other drugs which might influence serum lipid profiles and bone metabolism were excluded. Patients who had been diagnosed with osteoporosis and administered hormone replacement therapy were not eligible. All enrolled patients had signed the aforementioned consent form prior to enrollment.

Patient assessment {#Sec5}
------------------

### Lipid analysis {#Sec6}

The first blood sample was collected before breakfast. In the afternoon, blood was collected before lunch, with an interval of at least 3 h from breakfast until blood collection. Immediately after blood collection, serum was isolated. The triglyceride (TG), total cholesterol (TC), HDL-C, and LDL-C levels were measured before starting hormonal agent administration and then again 6, 12, and 24 months after commencement of the study medication. The assays were performed at SRL Inc. (Tokyo). The TG, TC and LDL-C levels were measured employing enzymatic assays, HDL-C was measured by a direct method. Abnormal levels of TC, LDL-C, HDL-C, and TG were established as \> 220, \> 40, \< 40, and \> 150 mg/dl, based on the reference values, as described in the guidelines for hyperlipidemia treatment in Japan \[[@CR7]\]. Patients persistently showing a TC level of 350 mg/dl or higher and an LDL-C level above 200 mg/dl for at least 1 year during treatment were regarded as drop-outs, and agents to treat hyperlipidemia were administered. Diet/exercise therapies were prescribed and explained, if necessary.

### Bone metabolism analysis {#Sec7}

The levels of bone-specific alkaline phosphatase (BAP), a bone formation marker, N-telopeptide of type-I collagen (NTX), a bone resorption marker, and Homocysteine (Hcy), a bone metabolic marker, were measured before administration of the hormonal agent and then again 6, 12, and 24 months after commencement of the study medication. BAP was measured employing an enzyme immunoassay, NTX by ELISA and Hcy by high performance liquid chromatography at SRL Inc., Tokyo.

Statistical analysis {#Sec8}
--------------------

Based on the data obtained in our previous study showing serum HDL-C to be increased by 13.4 ± 11.3 (mean ± SD) after a 1-year TOR administration period, and on the assumption that the serum HDL-C level would not be changed by LET administration, it was determined that having at least 15 subjects in each group would provide 80% power at the 5% significance level to detect a difference between the two groups. To allow for drop-outs, the sample size was increased to 30 in each treatment arm. Because the TG, TC, HDL-C, and LDL-C values were essentially normal, the mean was the preferred summary statistic. Serial changes in these variables in each group were analyzed using a paired *t* test. The serial changes in BAP, NTX and Hcy were analyzed employing the Wilcoxon signed ranks test. The SAS software program was used for all analyses.

Results {#Sec9}
=======

The 54 patients enrolled in this study were randomly assigned to the TOR group (*n* = 27) or the LET group (*n* = 27) for adjuvant therapy (Fig. [1](#Fig1){ref-type="fig"}). The median age of the patients in the TOR group was 61 years and that in the LET group was 65 years (N.S.). Height, body weight, and BMI did not differ significantly between the two groups (Table [1](#Tab1){ref-type="table"}). 24 in LET and 25 in TRE group patients could continue taking drugs at least 2 years. One patient in LET group stopped at 6 months and other four patients could not continue for 6 months because of non-hematological side effects of LET and TRE, respectively.

Fig. 1Study design

Table 1Baseline characteristics of patientsTOR (*n* = 27)LET (*n* = 27)*P* valueAge (median, years)60.5 (46--75)65 (46--74)nsHeight (cm)153 (145--167)153 (139--164)nsWeight (kg)56.5 (45--68)53 (41--73)nsBMI (kg/m^2^)23.3 (20.0--28.5)22.0 (18.8--32.8)ns

Effects on lipid metabolism {#Sec10}
---------------------------

In the TOR group, LDL and TC were significantly decreased at 6 months as compared with the baseline value (*P* \< 0.0005) (Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"}; Fig. [2](#Fig2){ref-type="fig"}b). HDL was significantly increased at 6, 12, and 24 months in the TOR group (*P* \< 0.0005) (Fig. [2](#Fig2){ref-type="fig"}c), while these markers were essentially unchanged in the LET group. Comparison of the TOR and LET groups revealed the percent changes in LDL and TC values to differ significantly between the two groups at 12 and 24 months (*P* \< 0.005). There was no significant TG change in either group (Fig. [2](#Fig2){ref-type="fig"}).

Table 2Comparisons of mean values before and at 6,12, and 24 monthsTORLETBefore6 months12 months24 monthsBefore6 months12 months24 months27222424*n*27242121224.2206.5\*206.3\*204.9\*TC\
150--219 (mg/dL)213.9219.3221.0227.6138.7124.9129.4140.8TG\
50--149 (mg/dL)131.3105.5\*101.7104.057.964.5\*65.4\*64.4\*HDL\
40--96 (mg/dL)58.360.460.162.4133.4112.8\*113.8\*112.7\*LDL\
70--139 (mg/dL)124.2130.0131.1138.026.022.9\*19.8\*16.4\*BAP\
9.6--35.4 (U/L)26.927.824.726.016.314.5\*13.5\*15.9NTx\
10.7--24.0 (nMBCE/L)15.617.017.217.610.19.29.68.8Hcy9.89.29.88.9*P* value compared with "Before" \**P* \< 0.05

Table 3Comparisons of mean values before and at 6, 12, and 24 months, summary

Fig. 2Changes from baseline in lipids and bone profiles at 6, 12, and 24 months

Effects on bone metabolism {#Sec11}
--------------------------

In the TOR group only, BAP was significantly decreased at 6, 12, and 24 months and NTx was significantly decreased at 6 and 12 months (*P* \< 0.05)(Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"}). Comparison of the TOR and LET groups revealed percent changes in the values of all markers to differ significantly between the two at 6, 12, and 24 months (*P* \< 0.05), the only exception being BAP at 6 months. Hcy levels did not differ significantly between the two groups (Fig. [2](#Fig2){ref-type="fig"}).

Discussion {#Sec12}
==========

AI as adjuvant hormone therapy are considered to be superior to TAM for postmenopausal breast cancer patients. BIG 1--98 reported better disease free survival in breast cancer patients taking LET for 5 years, though there was no significant difference in overall survival between LET and TAM \[[@CR8]\]. Considering the long-term effects of hormonal agents, we should take both prognostic and adverse effects into consideration when selecting the most appropriate hormonal agent for an individual patient. Differences in the adverse effects of hormonal agents must be taken into account when deciding on a treatment strategy.

From the results of the FBCC \[[@CR1]\] and IBCSG \[[@CR2]\] trials, TOR as a drug for adjuvant hormone therapy has prognostic effects and safety features similar to those of TAM. Differences from TAM include fewer thrombotic events, a lower estrogenic effect on genital organs, and better effects on serum lipids with TOR. We have previously shown that TOR is superior to TAM in terms of the serum lipid profile \[[@CR5]\] and that TOR provides better effects than ANA in terms of lipid profiles and bone metabolism in postmenopausal females with early breast cancer \[[@CR6]\].

Lipid metabolism {#Sec13}
----------------

TOR administration was associated with a significantly better lipid metabolism profile than LET in this study. Mega trials of AI as adjuvant treatment identified significant hyperlipidemia and cardiovascular disease. SERM therapies, including TAM, have been shown to exert beneficial effects on serum lipid profiles \[[@CR9]\].

Numerous studies have shown that hypercholesterolemia is an important risk factor for coronary heart disease (CHD) \[[@CR10], [@CR11]\]. A high LDL-C level and a low HDL-C level are important and well-established risk factors for CHD \[[@CR12], [@CR13]\]. Moreover, the Copenhagen Male study found that patients with both high TG and low HDL-C were at risk for ischemic heart disease \[[@CR14]\]. On the other hand, treating hypercholesterolemia in CHD patients prevents the recurrence of CHD \[[@CR15]\]. For breast cancer patients with a CHD history, the adverse influence of adjuvant hormone therapy on lipid metabolism remains a very significant clinical problem.

Bone metabolism {#Sec14}
---------------

Bone metabolism is a significant clinical parameter that should be factored into any decisions about adjuvant treatment of postmenopausal women with breast cancer. Fractures have been recognized as major problems for the elderly. The femoral neck fractures associated with osteoporosis have a severe adverse impact on activities of daily living. Moreover, osteoporosis is reportedly related to prognostic worsening in elderly people \[[@CR16], [@CR17]\]. Checking bone metabolism parameters is important for determining the optimal adjuvant hormone therapy regimen. The rate of bone fracture in patients receiving adjuvant AI is approximately 1.4--1.5 times that with adjuvant TAM \[[@CR18]--[@CR21]\]. A previous study focusing on deterioration of bone metabolism found AI to have a more deleterious effect than TAM \[[@CR22]\]. In most postmenopausal women, both BAP and NTx increase more than in premenopausal women due to diminished serum estrogen with menopause. SERMs have effects on both bone formation and bone resorption. TOR can maintain or slightly increase bone mineral density. In this study, TOR had a significantly more beneficial influence than LET on serum NTx and BAP. Bone turnover decreased after the administration of TOR, while being relatively increased after administration of LET in postmenopausal women with early breast cancer, suggesting that TOR contributes to preventing osteoporosis. Hcy is a known risk factor for heart attacks and strokes. Its measurement may be useful in patients with a family history of CHD but no other known risk factors, such as smoking, high blood pressure, or obesity. Recently, a high Hcy level was reported to be associated with bone fracture and but not with bone mineral density \[[@CR23], [@CR24]\]. The authors of that study suggested that Hcy may destroy the structure of collagen. In this study, there was no significant change in the Hcy level in either group.

Recently, FACE trial revealed that LET did not have significantly superior efficacy and safety compared with ANA \[[@CR25]\]. The safety profiles of two treatment arms (LET vs. ANA) were similar, osteoporosis (10.3 vs. 9.4%), clinical fractures (9.3 vs. 8.0%), and ischemic heart disease (2.4 vs. 1.5%), respectively. We reported previously TOR provided better effects than ANA in Multi 02 study. ANA had the significant worse effects for lipid and bone metabolism. In this study, LET had similar worse effects in those metabolisms with ANA.

Conclusion {#Sec15}
==========

TOR and LET have different clinical profiles. Clinicians should be aware of these differences when choosing a hormonal agent, especially when the administration of adjuvant treatment is anticipated to be at least 5 years. Compared with LET, TOR exerts beneficial effects on both lipids and bone metabolism. TOR would appear to be the optimal treatment for postmenopausal breast cancer patients, especially the elderly, with CHD, hyperlipidemia, and/or osteoporosis. This study was a small phase II trial and these results had some limitation. Additional study in the patients belonging to big prospective adjuvant trials of endocrine therapy are needed to confirm our findings.
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